A 59-year-old man was diagnosed with IgG4-related tubulointerstitial nephritis. His symptoms as well as laboratory and imaging findings were improved after initiation of steroid therapy. Serologically, he showed hypocomplementemia (C3 23 mg/dl, C4 <2 mg/dl, CH50 <7 U/ml) with high levels of IgG (IgG4 1,970 mg/dl) and immune complexes (C1q assay 8.1 μg/ml) and a low level of C1q (<2.0 mg/dl). Histologically, he also showed linear depositions of IgG, IgM, C3, C4d, C1q, membrane attack complex and all IgG subclasses (IgG1, IgG2, IgG3 and IgG4) along the tubular basement membrane, as well as granular depositions of these components in the renal interstitium. However, mannosebinding lectin and L-ficolin were not detected in these tissues. Homogeneous electrondense deposits were observed by electron microscopy in the tubular basement membrane. It appears that the immune complexes might activate the classical pathway of the complement in both blood and local tissues in a patient with IgG4-related tubulointerstitial nephritis.
Recently, a new concept of IgG4-related disease has been proposed. IgG4-related disease is a systemic disease characterized by high serum IgG4 levels and multi-organ fibrosis with infiltration of T lymphocytes and IgG4-positive plasma cells [1, 2] . The target organs in patients with IgG4-related disease are the pancreas, gallbladder, salivary glands, retroperitoneum, lungs, prostate and kidneys, and the representative disease is autoimmune pancreatitis. Clinically, IgG4-related disease predominantly affects middleaged to elderly men. Lymphadenopathy is a common complication (40-50%) and hypocomplementemia is observed in 30-40% of cases [3] [4] [5] [6] [7] [8] . In IgG4-related nephropathy, the lesions are mainly located at the tubulointerstitium rather than at glomeruli [9] [10] [11] [12] . Massive infiltration of IgG4-positive plasma cells and serious fibrosis in the interstitium are distinctive findings rather than typical interstitial nephritis. There are some reports showing diffuse deposition of IgG and IgG subclasses in the interstitium [12] .
Since steroid therapy is very effective and the prognosis is relatively good, severe tubulointerstitial nephritis (TIN) requiring maintenance hemodialysis sometimes occurs [12] . Furthermore, hypocomplementemia is observed in 60-70% of IgG4-related nephropathy cases [8] . Although the hypocomplementemia is a distinctive finding that may be associated with histological damage [7] , the pathological associations of complement activation in sera and local tissues have not been fully elucidated [5, 13] .
We present herein a patient diagnosed with IgG4-related TIN and with confirmed complement activation via the classical pathway in serological and histological examinations.
Case Report
A 59-year-old Japanese man with symptoms of dysgeusia, dysosmia and anorexia was admitted to our hospital on January 6, 2010. He had a history of pneumonia, but no other medical problems and no history of smoking, habitual drinking or family history of renal disease. On admission, his body height was 164.3 cm, body weight 71.3 kg, body temperature 36.3°C and blood pressure 170/110 mm Hg. Physical examination revealed lymphadenopathy in the left supraclavicular and bilateral inguinal regions. Laboratory findings showed hyperuricemia (uric acid 8.4 mg/dl), hyperproteinemia (total protein 11.1 g/dl, Alb 3.3 g/dl), IgG4-dominant-hypergammaglobulinemia (IgG 3,814 mg/dl, IgG4 1,970 mg/dl), hepatic dysfunction (AST 65 IU/l, ALT 54 IU/l), renal dysfunction (serum urea nitrogen 22 mg/dl, serum creatinine 2.69 mg/dl), hypocomplementemia (C3 23 mg/dl, C4 <2 mg/dl, CH50 <7 U/ml, C1q <2.0 mg/dl; normal range 8.8-15.3) and rouleaux formation of erythrocytes. Antinuclear antibody was positive with a titer of 20. Rheumatoid factor, cytoplasmic antineutrophil cytoplasmic antibodies and perinuclear antineutrophil cytoplasmic antibodies, SS-A and SS-B were all negative, cryoglobulin was not examined. Monoclonal protein was not detected in his serum and urine by immunoelectrophoresis. High levels of immune complexes (ICs) [C1q assay 8.1 μg/ml; normal range 0-3, monoclonal rheumatoid factor (mRF) assay 11.6 μg/ml; normal range 0-4.1, respectively] were observed (table 1). Urinalysis showed no proteinuria, hematuria or glucosuria, except for increases of tubular damage markers (β2-microglobulin 5,960 μg/l) and granular casts in the sediments. Bone marrow biopsy and lymph node biopsy (left inguinal) did not show plasma cell dyscrasia or other malignancy. Computed tomography (CT) showed bilateral mucosal thickening of the paranasal sinuses and bilateral renal swelling, and gallium (Ga) citrate scintigraphy showed abnormal isotope accumulation in the bilateral kidneys.
Because of suspected TIN, ultrasound-guided percutaneous renal biopsy was performed on February 4, 2010. The renal biopsy specimens showed no glomerular abnormalities, but severe and widespread interstitial fibrosis and tubular atrophy associated with inflammatory infiltrates consisting mainly of lymphocytes and IgG4-positive plasma cells were observed ( fig. 1) . Routine immunofluorescence (IF) showed granular deposition of IgG (+) in the glomeruli, linear depositions of IgG (++), IgM (+), C3c (+) and C1q (++) along the tubular basement membrane (TBM) and granular depositions of IgG (++), IgM (+), C3c (+) and C1q (++) in the interstitium ( fig. 2) . Additional IF were performed with fluorescein isothiocyanate (FITC)-labeled monoclonal mouse anti-human IgG1, IgG2, IgG3 and IgG4 antibodies (SouthernBiotech, USA), monoclonal anti-human mannose-binding lectin (MBL) antibody (kindly provided from Prof. Matsushita, Tokai University, Kanagawa, Japan), polyclonal goat anti-human Lficolin antibody (Santa Cruz Biotechnology, USA), polyclonal rabbit anti-human C4d antibody (DAKO, Denmark) and polyclonal rabbit anti-human membrane attack complex (MAC) antibody (Abcam, UK). The studies showed linear depositions of IgG1 (++), IgG2 (+), IgG3 (+), IgG4 (++), C4d (+) and MAC (+) along the TBM ( fig. 2 ). In the renal interstitium, granular depositions of IgG1 (++), IgG2 (+), IgG3 (+), IgG4 (++), C4d (+) and MAC (+) were also detected. No staining of MBL and L-ficolin was observed in the renal specimens (not shown). To examine whether the patient's serum contained anti-TBM antibodies, indirect IF was performed. Renal tissue sections obtained from a patient with minimal change nephrotic syndrome were prepared and our patient's sera were diluted 1:1 with phosphatebuffered saline (PBS, pH 7.2). The renal sections were then incubated with the diluted sera, and stained with FITC-labeled rabbit anti-human IgM and IgG antisera. Anti-TBM antibodies were not detected. Electron microscopy (EM) showed many homogeneous electron-dense deposits in the TBM, but no glomerular deposition ( fig. 3) . Therefore, he was diagnosed with IgG4-related TIN and was treated with prednisolone 40 mg p.o. daily. His symptoms and systemic lymphadenopathy immediately disappeared and renal function was gradually improved (table 1). Elevated levels of serum IgG and hypocomplementemia returned to normal. CT scanning after a month on steroid therapy showed that the size of the kidneys was improved and Ga citrate scintigraphy showed disappearance of abnormal isotope accumulation in the bilateral kidneys. The dose of prednisolone was gradually tapered and he was discharged from our hospital.
Discussion
IgG4-related disease is a new entity and shows various symptoms depending on affected organs. In our case, the patient showed symptoms of anorexia, dysgeusia and dysosmia. Anorexia is one of the common symptoms reflecting systemic inflammatory conditions and the other symptoms were thought to have resulted from sinusitis which was observed by CT scanning. Recently, chronic rhinosinusitis is suggested to be involved in IgG4-related disease and a large amount of IgG4-bearing plasma cell infiltrations in the nasal mucosa were found in that report [14] . Serologically, 30-40% of patients present with hypocomplementemia, which may affect complement activation. However, the triggering mechanism of the complement pathway has not been elucidated [5, 13] . Although IgG4 does not possess the ability to bind C1q complement [15] , the classical pathway component, this disease shows low serum levels of C4 and low titers of total serum hemolytic activity (CH50). Therefore, we explored the mechanisms of complement activation in both sera and local tissues.
In our case, the levels of serum C3, C4, CH50 and C1q were decreased, and the level of ICs (C1q assay) was increased. The level of serum anti-C1q antibody as in lupus nephritis was not examined, and we could not define the constituents of ICs. However, these laboratory findings imply that the classical pathway is activated in the fluid phase.
Muraki et al. [5] suggested that the elevated levels of ICs were associated with increased levels of IgG1 rather than those of IgG4 and decreased levels of C3 and C4 in cases of autoimmune pancreatitis, since IgG1 is a molecule capable of activation of the classical pathway. Therefore, we assume that activation of complement via the classical pathway in the fluid phase might be caused by ICs including the IgG subclasses except for IgG4.
Next, we examined the histology in detail, and the depositions of various IgG subclasses, IgM, C1q, C4d and MAC, were observed along the TBM and in the interstitium, but no deposition of MBL and L-ficolin that are capable of activation of the lectin complement pathway was found. Yamamoto et al. [6] reported a case of Mikulicz' disease, an IgG4-related disease, with deposits of C1q, C3, IgG and IgM observed along the TBM. Furthermore, we also identified electron-dense deposits in the TBM by EM. To exclude the possibility of autoantibodies that recognize TBM, the patient's serum was applied to renal tissues. However, we could not detect any anti-TBM antibodies in the sera.
In local tissues, ICs might contain homologous components such as IgG1, IgG2, IgG3, IgG4, IgM, C1q, C3 and C4. Therefore, we thought that complement activation via the classical pathway by ICs also might have occurred in the local tissues and be one of the causes of the pathogenesis of local tissue damage. Histopathological differences between IgG4-related TIN and other types of TIN are based on whether IC formation occurs in local tissues in IgG4-related TIN and not in other TIN. On the other hand, the characteristic histopathological features of IgG4-related nephropathy appear mainly in the tubulointerstitium, although some cases show glomerulonephritis and glomerular IgG deposition [8] . We also observed a positive signal of IgG in the glomeruli, but we could detect neither apparent signals of IgG subclasses by IF nor glomerular deposition by EM. The types of circulating IC may determine whether ICs are capable of accumulating in the glomerular basement membrane. In our case, interstitial deposits of ICs might have formed in the interstitium and/or leaked from peritubular capillaries. Further studies are necessary to elucidate the pathogenesis of IgG4-related disease and the mechanism of complement activation by not only IgG, including the IgG4 and IgG1 subclasses, but also other factors.
In conclusion, it appears that IC-mediated complement activation via the classical pathway might occur in the fluid phase and the renal interstitium in IgG4-related TIN. . 3 . EM study. EM shows homogeneous electron-dense deposits in the TBM (arrow) (original magnification in a ×3,000, and in b ×12,000).
